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(57) Abstract 

A fiber optic amplifier is made by a fiber (1) with two concentrical cores (2 and 3), the innermost one (2) constituted by amplifying 
material, the other one (3) used for pumping. Pump radiation is provided by multi-mode sources (4) and coupled, transversally with respect 
to the optical axis of said fiber (1), to the outer core (3) through multi-mode fibres (6) and multi-mode optical couplers (5). Pump radiation 
propagates through the outer core (3) and couples to the amplifying core (2), thus pumping the active material. The composition of the 
amplifying material is chosen in such a way that pumping can take place in a broad range of wavelengths. Coherent or incoherent pump 
sources can be used. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


GB 


United Kingdom 


MR 


Mauritania 


AU 


Australia 


GE 


Georgia 


MW 


Malawi 


BB 


Barbados 


GN 


Guinea 


NE 


Mgcr 


BE 


Belgium 


GR 


Greece 


NL 


Netherlands 


BF 




ETC 


Hungary 


NO 


Norway 


BG 


Bulgaria 


IE 


Ireland 


nz 


New Zealand 


BJ 


Benin 


rr 


Italy 


PL 


Poland 


BR 


Brazil 


JP 


Japan 


FT 


Portugal 


BY 


Belarus 


KE 


Kenya 


RO 




CA 


Canada 


KG 


Kyigystan 


RG 


Russian Federation 


CF 


CeDtral African Republic 


KF 


Democratic People's Republic 


SB 


Sudan 


CG 


Congo 




of Korea 


SE 


Sweden 


CH 


Switzerland 


KR 


Republic of Korea 


SI 


Slovenia 


CI 


Cote d'lvoire 


KZ 


Kazakhstan 


SK 


Slovakia 


CM 


Cameroon 


U 


Liechtenstein 


SN 


Senegal 


CN 


China 


LK 


Sri Lanka 


TD 


Chad 


CS 


Czechoslovakia 


UJ 


Luxembourg 


TG 


Togo 


CZ 


Czech Republic 


LV 


Latvia 


TJ 


Tajikistan 


DE 


Germany 


MC 


Monaco 


TT 


Trinidad and Tobago 


DK 


Denmark 


MD 


Republic of Moldova 


DA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


US 


United States of Amc 


fi 


Finland 


ML 


Mali 


UZ 


Uzbekistan 


FR 


Ranee 


MN 


Mongolia 


VN 


Viet Nam 


GA 


Gabon 











WO 95/10868 



PCT/TT93/00107 



M A HIGH POWER OPTICAL FIBER AMPLIFIER PUMPED BY A MULTI- 
MODE LASER SOURCE" 

5 Technical Field 

The invention relates to an improved high power 
optical fiber amplifier pumped by a multi-mode laser 
source. 

A fiber optic amplifier for telecommunications is 
10 constituted by a single-mode optical fiber which core is 
doped with rare earths like Erbium. Pump power coupled into 
the fiber provides gain in the active medium for the 
information signal propagating along the fiber. 

15 Background , Art 

Currently 980 nm and 1480 nm single-mode laser diodes 
are used a£ pump sources* for fiber optic amplifiers that 
are directly coupled to a single-mode fiber and, through a 
single-mode multiplexer , to the active fiber. 

20 The use of single-mode fibers and the narrow range 

allowed for the source wavelength require sophisticated 
packaging techniques , narrow wavelength selection and an 
accurate thermal stabilization , achieved currently by power 
consuming Peltier coolers. 

25 Important characteristics of the fiber optic 

amplifiers such as the gain and saturation power thereof 
depend on pump intensity. Presently laser diodes with 
single-mode pigtail are available, at wavelengths suitable 
for pumping Erbium, with coupled power less than 100 mW, 

30 and pump radiation is coupled directly to the end-face of 
the fiber and particularly into the core of the amplifying 
fiber through single-mode couplers. This has limited the 
maximum output power achievable from a single amplifier to 
about 17 dBm (50 mW) and the maximum gain to about 35 dB. 

35 Pumping directly into the core of the active fiber 

causes the pump radiation to propagate together with the 
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optical signal to be amplified, 'therefore a filter may be 
required at the output of the amplifier to eliminate 
residual pump radiation from the transmission line. 
Counter-propagating pumping schemes have been developed to 

5 avpid this, problem, by making the pump radiation 
propagating backwards with respect to the signal, but such 
configurations increase the noise generated by spontaneous 
emission, thus degrading the noise figure of the amplifier. 
Single-mode pumping, moreover, creates a non flat gain 

10 profile across the active medium thus requiring for example 
the realization of very small core and high numerical 
aperture active fiber to avoid signal absorption on the 
tails of the pump beam profile. 

In summary the realization of high output power, high 

15 gain, low jioise, low cost fiber optic amplifiers is limited 
by the availability and the cost of suitable pump sources 
which have ,to be coupled into single-mode fibers and by the 
pumping method which causes the coexistence of pump and 
signal radiation propagating along the amplifying core. 

20 Moreover single-mode pumping through single-mode 

couplers may result in polarization dependence and other 
losses due to the change in shape of the fiber cores inside 
the couplers. 

US-A- 4 829 529 to Kafka discloses a double core fiber 
25 structure for pumping the inner single-mode core doped with 
a rare earth like Neodymium or Erbium in order to obtain 
lasing action. This patent shows a double core laser 
structure, but does not provide for any simultaneous doping 
with different rare earths, nor suggests that the 
30 arrangement could be suitable for producing a fiber optic 
amplifier and further the coupling of the pump radiation to 
the fiber is performed through its end faces, using bulk 
optics . 

A work of Minelly et. al. reports amplification by a 
35 double core Ytterbium-Erbium doped fiber, but again the 
pumping is made through the end faces by bulk optics. 
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Moreover in both works the pump sources are preferably 
diode arrays. 

AU-A-10374/92 discloses an optical fiber amplifier 
comprising an Erbium doped fiber length, a single-mode 
5 coupler for coupling to a pump light source, and a length 
of Yb doped fiber spliced to the output end o£ the 
amplifying fiber for absorbing the residual pump light* 

DE-OS 4 005 867 discloses an optical fiber amplifier , 
comprising a Lanthanid doped length of fiber each end of 
10 which is coupled to a pump light source to achieve a high 
amplification of the incoming signal. 

EP-A-0 509 577 discloses a two stage optical amplifier 
with the downstream amplifier comprising a length of active 
fiber doped with a fluorescent dopant, a coupler for 
15 supplying a pump light from a laser diode and a pai± of 
optical insulators. 

The present invention aims to overcome the above 
mentioned limitations and drawbacks. 

20 Objects of the Invention 

A first object of the present invention is to provide 
a fiber optic amplifier with high gain and high output 
power . 

A second object of the present invention is to provide 
25 a fiber optic amplifier that effectively suppresses the 

pumping light outside the lenght of amplifying fiber. 

A third object of the present invention is to provide 

a fiber optic amplifier with an uniform gain profile across 

the amplifying core of the active fiber. 
30 A further object of the present invention is to 

provide a fiber optic amplifier capable to make possible 

the use of pump sources emitting in a broad wavelength 

range and not requiring accurate thermal stabilization. 

Disclosure of Invention 
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Accordingly these and other objects are realized in the 
present invention concerning an optical • fiber amplifier 
comprising: 

a lenght of double-clad fiber with: ■ 
5 i. a\ co-doped single-mode core of amplifying 

material; 

ii. a multi-mode core surrounding the single-mode 

core and acting ad guide for pump radiation; 
ill. an outer cladding; 
10 - a pump source coupled to said lenght of double clad 
fiber , 
characterized in that: 

said , inner core is of an Erbium- Ytterbium doped 
material; 

15 - said pump power source comprises at least a multi-mode 
diode source supplying multi-mode pumping radiation to 
said lenght of double-clad fiber, transversally with 
respect to the optical axis of the fiber. 
According to the invention: 

20 - the first object is attained by means of said multi- 
mode diode source with associated multi-mode /high 
power pumping radiation; 

the second and third object are attained by means of 
said transverse pumping and consequent transverse path 
25 of the pumping radiation with respect to the axial 

path of the information signal propagating along said 
lenght of optical fiber: thanks to said transverse 
path, the pumping radiation does not superimpose the 
information signal and no absorbing means are needed; 
30 - the fourth object is attained by means of said inner 
core of an Erbium- Ytterbium doped materials thanks to 
the broad absorption spectrum of said materials. 
Additional characteristics of the present invention will be 
better understood from the depending claims and in 
35 particular the use of multi-mode couplers for high 
efficient coupling of pump multi-mode radiation into the 
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active fiber in order to perform said transverse pumping f . 
In addition , in order to increase the pump power, at least 
two multi-mode couplers and two multi-mode diode sources 
are provided • • 
5 Further features and advantages of an optical 

amplifier according to the invention will become* more 
clearly apparent from the following detailed description of 
a preferred embodiment of the device illustrated - only as 
non limiting examples - in the attached drawings , in which; 

10 

Brief Description of the Drawings 

Fig, 1 is a schematic view of a fiber amplifier 
according to the invention; and 

Fig. 2 is a cross -sectional side view schematically 
15 illustrating the active fiber and the coupler to 1 the 
pumping source. 

With reference to the Figures, the amplifier according 
to the invention comprises a length of optical fiber 1 made 
by a double concentrical core 2 and 3. With reference in 
20 particular to Fig. 1 it is assumed that an optical signal 
carrying information is propagating along the fiber in the 
direction shown by arrow S. 

The inner core 2 is a single-mode core, with size 
analogous to those of the standard telecommunications 
25 fibers, and is doped with both Ytterbium and Erbium i.e. is 
Yb/Er co-doped. Thus the active material of the inner core 
2 exhibits a broad absorption spectrum and is suitable for 
providing gain at optical communications wavelengths. 

More particularly the codoping with Ytterbium and 
30 Erbium of the active core allows for a broad pump 
wavelength range, between 900 nm and 1000 nm, so that 
within this range pump sources do not require wavelength 
selection and accurate temperature stabilization. 

The sorrounding core 3 is a multi-mode core used for 
35 pumping by coupling pump radiation from a laser diode 4a 
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through a multi-mode fiber 6a anil h multi-mode coupler 5a. 
An outer cladding 8 surrounds the multi-mode core 3. 

The pump light from the pump source is injected 
transversally with respect to the optical axis 1 of said 
5 fiber length 1 through the multi-mode couplers - that, 
according to a preferred embodiment of the invention are 
non-symmetrical type - and through multiple reflections (as 
schematically shown for a beam a in Fig . 2 ) , penetrates 
into the inner core 2 and is absorbed therein without to 

10 superimpose to the optical signal to be amplified. 

The multi-mode coupler can be formed, as an example, 
by a length of multi-mode fiber and a length of double core 
fiber. According to a preferred embodiment of the invention 
the multi-mode coupler is formed directly on the active 

15 fiber twis.ting, heating an subsequently pulling the two 
fibers. 

In th^. diagram of Fig. 1 an additional laser diode 4b 
is connected to the active fiber 1 through a multi-mode 
fiber 6b and a second multi-mode coupler 5b for increasing 
20 the pump power and in order to achieve a more uniform power 
distribution along the amplifying fiber which in turn 
results in improved amplifying characteristics. 

Isolators INS1 and INS2 can be further provided along 
the fiber 1. 

25 Thanks to the fact that the pump radiation does not 

couple into the amplifying core 2 along the signal 
direction, no output filter is needed. The gain profile is 
uniform across the active core, which thus can be made 
similar in dimensions to standard single-mode 

30 telecommunications fibers. The outer cladding provides 
optical confinement for pump radiation. The use of multi- 
mode fibers allows for much higher pump powers and the 
double core pumping scheme together with said transverse 
pumping makes possible placing several sources along a 

35 single active fiber; therefore high gain and output power 
are achievable. 
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According to a preferred embodiment the (each) pump 
source is a multi-mode laser diode an£ the pumping 
radiation is a coherent radiation. Alternatively the 
pumping radiation can be an incoherent radiation*, such as 
5 that generated, e.g. by a superf luorescent diode. 

The single-mode amplifying fiber 1 is preferably made 
by Erbium-Ytterbium doped glass. 

As for what concerns the preferred values, the ( 
diameters of the multi-mode pump core and the single-mode 
10 amplifying core are in a ratio of about 10:1 and the length 
of the optical fiber 1 is between 2 and 20m. 

Best Mode for Carrying Out the Invention 

The best mode for carrying out the invention is the 
15 one shown in fig. 2 and comprising two multi-mode fiber 
optic couplers 6a and 6b in order to obtain high output. 

power and, thanks to the transverse pumping the pimp 

» 

radiation is not superimposed to the optical signal to be 
amplified, and consequently no filter is required at the 
20 output of the amplifier to eliminate residual pump 
radiation • 

Industrial Applicability 

The high power optical fiber amplifier is applicable 
25 in telecommunication transmission systems and in particular 
in long haul transmission lines and in distribution 
networks . 

It will be understood by those skilled in the art that 
various modifications and changes may be made to the 
30 present invention without departing from the scope and 
spirit thereof. 
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CLAIMS . * " 

1. An optical fiber amplifier comprising: 
a lenght of double-clad fiber with: 

1. a co-doped single-mode core of amplifying 
5 material? 

, ii. a multi-mode core surrounding the single-mode 

core and acting as guide for pump radiation; 
iii. an outer cladding; 

a pump source coupled to said lenght of double clad 
10 fiber, 

characterized in that: 

said inner core (2) is of an Erbium-Ytterbium dojted 
material; 

- said pump power source (4) comprises at least a multi- 
15 mode , diode source supplying multi-mode pumping 

radiation to said lenght of double-clad fiber ( 1 ) > 
transyersally with respect to the optical axis of the 
fiber (1). 

2. An optical fiber amplifier as claimed in claim 1, 
20 characterized in that said transverse pumping is performed 

by means of at least a multi-mode fiber optic coupler (5) 
associated to said lenght of double-clad fiber (1). 

3. An optical fiber amplifier as claimed in claims 1 
and 2 # characterized in that said multi-mode coupler (5) is 

25 formed directly on the double-clad fiber ( 1 ) . 

4. An optical fiber amplifier as claimed in claims 1 
and 2, characterized in that includes two multi-mode diode 
sources (4a f 4b) and two multi-mode fiber optic couplers 
(5a f 5b). 

30 5 . An optical fiber amplifier as claimed in claims 1 

to 4, characterized in that said pumping radiation is a 
coherent radiation. 

6. An optical fiber amplifier as claimed in claims 1 
to 4, characterized in that said pumping radiation is an 

35 incoherent radiation. 
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7. An optical fiber amplifier as claimed in claims 1 
to 6, characterized in that said pumfc> source is a 
superluminescent' diode. 

8. An optical fiber amplifier as claimed in 1 claim l r 
5 characterized in that the single-mode amplifying fiber is 

made by Erbium-Ytterbium doped gla^s. 

9. An optical fiber amplifier as claimed in the 
preceding claims, characterized in that the diameters of 
the multi-mode pump core and the single-mode amplifying 

10 core are in a ratio of about 10:1. 

10. An optical fiber amplifier as claimed in the 
preceding claims, characterized in that the length of the 
optical fiber is between 2 and 20 m. 

11. An optical fiber amplifier as claimed in claim 2, 
15 characterized in that said multi-mode optic coupler (5) is 

non-symmetrical type. 
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